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Inhibition of active sodium transport by radiographic contrast
media. We demonstrate that salts of diatrizoate and iothalamate,
radiographic contrast agents, depress the active transport of
sodium in the urinary bladder of the Columbian toad, Bufo
marinus. Isolated toad bladders were incubated in isotonic
Ringer's solutions with isosmolar displacement of sodium
chloride by contrast media in experimental solutions. Sodium
transport as measured both by short-circuit current (SCC) and
by isotopic sodium flux was significantly depressed in the
presence of sodium diatrizoate. Sodium transport measured by
SCC was significantly depressed with sodium iothalamate and
meglumine iothalamate. Equimolar methylsulfate Ringer's
solution did not depress SCC. Although contrast media in
isotonic Ringer's solutions depressed basal SCC, the vaso-
pressin-stimulated increment in SCC was not depressed by
contrast media. Separate experiments with hyperosmolar
solutions (786 m, as utilized in angiography) demonstrated
equivalent suppression of SCC by contrast media and by other
solutions made hyperosmolar with glucose or sodium methyl-
sulfate, implying a general or nonspecific effect of hyperosmo-
larity. Inhibition of SCC by contrast media was reversible when
the agents were removed by serial changes with standard Ringer's
solution, Inhibition of sodium transport by contrast media might
provide a basis for studies on some of the clinical toxicities of
these agents.
Inhibition du transport actif de sodium par les produits de con-
traste radiographiques. Nous démontrons que les sels de diatri-
zoate et d'iothalamate, produits de contraste radiographiques,
dépriment le transport actif du sodium par Ia vessie du crapaud
Colombien Buffo marinus. Des vessies isolées de crapauds ont
été incubées dans des solutions de Ringer isotoniques. Le
chlorure de sodium a été remplacé de manière iso-osmolaire par
des produits de contraste dans des solutions expérimentales. Le
transport de sodium, mesuré a Ia fois par le courant de court-
circuit (SCC) et le flux de sodium radioactif, a été significative-
ment déprimé par les iothalamates de sodium et de méglumine.
Le Ringer methylsulfate équimolaire ne déprime pas SCC. Bien
que Ic produit de contraste dans du Ringer isotonique déprime
le SCC basal, ii n'affecte pas l'augmentation de SCC induite par
Ia vasopressine. Des experiences différentes avec des solutions
hyperosmolaires (786 mM, comme celles utilisées en angio-
graphic) démontrent une diminution équivalente de SCC par les
produits de contraste et les autres solutions hyperosmolaires avec
glucose ou méthylsulfate de sodium, ce qui implique un effet
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general et non specifique de l'hyperosmolarité. L'inhibition de
SCC par les produits de contraste est reversible quand ces agents
sont soustraits par des échanges repétés avec des solutions Ringer
normales. L'inhibition du transport de sodium par les produits de
contraste peutfournir une base d'étude de leur toxicité clinique.
Reduction of the toxicity of radiographic contrast
media continues to be an important goal [1]. Angio-
graphic and urographic contrast media, which are
used in large doses and are introduced in high con-
centrations directly into the circulation, have been in-
vestigated extensively from the standpoint of clinical
complications [2—61. Several studies have demon-
strated a vascular or circulatory basis for some of the
adverse responses to contrast media [7—111. However,
only recently have inquiries been made into the more
basic, cellular mechanisms of potential toxicity of con-
trast agents [12—21].
In this study we utilize the urinary bladder of the
toad, Bufo marinus, to test for effects of contrast media
on isotopically measured flux of sodium and on net
ionic flux through the membrane as measured by the
short-circuit current (SCC).
Studies of the renal pharmacologic actions of con-
trast media in whole animals are necessarily complex
due to the cardiovascular effects of the contrast agents.
Intravascular administration of contrast media might
alter vascular volume, blood pressure, renal vascular
resistance and renal blood flow distribution. Hence,
elucidation of exact mechanisms for the results ob-
served becomes difficult. The contrast agents we
studied are excreted by glomerular filtration and act as
osmotic diuretics. In addition, the dog studies by
Porter, Kloster and Bristow [22] suggested that con-
trast media have a natriuretic effect since natriuresis
occurred in excess of that produced by an equiosmolar
load of mannitol. Since the isolated toad bladder has
served as a useful model of the renal distal tubular (or
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collecting duct, or both) epithelium for numerous
physiologic and pharmacologic studies [24, 25], and
since it is free from the complex cardiovascular and
hemodynamic problems encountered in whole-animal
experiments, we chose this preparation to test our
hypothesis that contrast agents directly affect epithelial
transport of ions.
Methods
Hemibladders removed from doubly pithed toads
were mounted in plastic (Lucite) chambers which
divide the tissue from one animal into four quarter
bladders. The mucosal (urinary) and serosal (perito-
neal) surfaces of each quarter bladder were bathed in
4 ml of solution which was constantly circulated and
aerated. The potential difference generated by the
bladder was measured with a millivolt meter (Corning)
via electrolyte-impregnated agar bridges and calomel
electrodes. SCC was measured according to the method
of Ussing and Zerahn [26]. The amphibian Ringer's
solutions used were prepared from reagent grade
chemicals in glass-distilled water. The standard
Ringer's solution had the following composition:
MaCI, 111 mM; KCI, 3.4 mM; NaHCO3, 2.4 mM; and
CaCI2, 2.7 m. Experimental solutions of sodium salts
of contrast media were made by equimolar replace-
ment of sodium chloride by sodium diatrizoate
(Hypaque, Winthrop) or sodium iothalamate (Conray
400, Mallinckrodt) such that the sodium concentration
as measured by flame photometry and the total osmo-
lality as measured by freezing point depression of the
final solution were the same as those of the standard
Ringer's solution. Experimental solutions of the meglu-
mine iothalamate were prepared by equimolar dis-
placement of sodium chloride by meglumine iothala-
mate (Conray, Mallinckrodt) such that the total osmo-
lality as measured by freezing point depression of the
final solution was the same as that of standard Ringer's
solution. The sodium concentration of these solutions
was decreased according to the concentration of
meglumine present. Solutions of methylsulfate were
formulated similarly by isosmolar replacement of
sodium chloride by sodium methylsulfate (K & K
Chemical Co.). Hyperosmolar solutions utilized for ex-
periments consisted of 50% sodium diatrizoate
(Hypaque, Winthrop; 786 mM) and equiosmolar
sodium methylsulfate (786 mM) and glucose (1,572 mM).
The protocol of the experiments consisted of mount-
ing the bladders in plastic (Lucite) chambers in
standard Ringer's solution and allowing one to two
hours for stabilization of the electrical indexes. At
time zero, following this stabilization period, experi-
mental solutions were introduced on either the mucosal
and/or serosal sides of one or more quarter bladders.
The electrical indexes were measured at 15- or 30-
mm intervals for one to three hours after introduction
of the experimental solutions. In certain experiments
vasopressin (Pitressin, aqueous, Parke-Davis) was
added to the serosal solution in a concentration of
100 mU/mi. Sodium flux determinations were accom-
plished by addition of tracer quantities of 22Na to the
mucosal side of one quarter bladder and the serosal
side of a paired quarter bladder. After an equilibration
period of 30 to 60 mm, the concentration of isotopic
sodium was determined in solutions bathing both sur-
faces of the membranes. Similar determinations were
made 60 mm later and, thus, unidirectional fluxes of
sodium could be calculated for two paired quarter
bladders. From this, net flux of sodium was calculated.
Isotopic flux determinations were accomplished once
during a control period in standard amphibian
Ringer's solution, and a second time with the experi-
mental solutions bathing the same pieces of tissue.
22Na was counted by liquid scintillation spectrometry.
SCC and potential difference were recorded at 1 5-mm
intervals on the tissue used for flux measurements. In
one series of experiments, hyperosmolar solutions
were placed in the serosal chamber for 10 sec and were
then removed and replaced by standard Ringer's solu-
tion. Where indicated, contrast agents were removed
by sequential changes of fluid with Ringer's solution
three or four times at 1 5-mm intervals.
The results are shown graphically as the SCC in
microamperes vs. time. In several experiments the
data are presented as the SCC at each experimental
time point (SCC) factored by the control period (pre-
treatment) SCC (SCC0). This served to normalize the
inter-animal variability and show the effect of the
contrast agent as a fractional change in SCC. This
normalization of SCC is not utilized in Figs. 7 and 8,
where response to vasopressin is shown in absolute
current units. Tissue resistance was calculated as the
spontaneous potential difference divided by the SCC.
The tissue resistances were normalized to control
period tissue resistance in the manner described for
normalization of the SCC. Where results are reported
graphically as the ratio of current or resistance to
baseline (pretreatment) current or resistance (SCC/
SCC0 or R/R0) the absolute value of the SCC0 or R0
is given in the figure legend. The tissues were main-
tained in the short-circuited state except for brief
periods of 15 sec or less at 15- or 30-mm intervals when
the spontaneous transmembrane potential difference
was measured. When net sodium flux was compared
with SCC, both values were expressed as microequi-
valents per hour, averaging the four SCC determina-
tions for the one-hour flux period. Statistical analysis
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Fig. 1. Comparison of sequence of addition of 78 mM sodium
diatrizoate. The solid line shows the effect of mucosal diatrizoate
added at time zero and serosal diatrizoate at two hours. The
broken line shows the effect of serosal diatrizoate added at one
hour and mucosal diatrizoate at two hours. The ordinate shows
short-circuit current (SCC) as a fraction of pretreatment short-
circuit current (SCC0). The absolute SCC at time zero for the
former group was 158 42 iA/3.37 cm2, and for the latter group,
157 34 .iA/3.37 cm2 (mean SEM).
Fig. 2. The effects of sodium diatrizoate applied to ,nucosal or
serosal surfaces, or both. Diatrizoate (62.9 mM) was added at
time zero. The absolute values of the SCC at time zero for the
four groups are as follows: control, 158± 19; mucosal, 157±24;
serosal, 132±18; mucosal+serosal, 129±17 sA/3.37 cm2 (mean
5EM). Serosal and mucosal + serosal are significantly different
from control after time zero. Mucosal values are significantly
different from control only at one-fourth, one-half and three-
fourths hour.
Time, hr
Fig. 3. Comparison of the effects of sodium diatrizoate and sodium
methylsulfate. These compounds were added at 78 m to both
mucosal and serosal solutions at time zero. The absolute SCC at
time zero for the diatrizoate-treated group was 161 37, and for
the methylsulfate-treated group, 147± 28 j.A/3.37 cm (mean±
5EM).
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At one-fourth, one-half and three-fourths hour after
addition of diatrizoate to the mucosal solution, SCC
was significantly depressed below the values in un-
treated tissues. However, diatrizoate in the serosal
solution depressed the SCC more rapidly and pro-
foundly. Diatrizoate in both mucosal and serosal solu-
tions produced depression of SCC similar to that pro-
duced by diatrizoate in the serosal solution alone.
Comparison of the effects of diatrizoate and methyl-
sulfate on SCC. Fig. 3 shows that sodium diatrizoate
(78 mM) applied simultaneously to both surfaces of the
O46'
Mthylfft
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was accomplished by the paired Student's I test with
significance being defined as P < 0.05.
Results
Effects of diatrizoate on SCC. Following application
of 78 m sodium diatrizoate at time zero to the muco-
sal surface of the bladder (Fig. 1, solid line), the SCC
did not change significantly when compared to the
paired untreated tissues (dashed line) Subsequent
addition of the same concentration of diatrizoate at
time two hours to the serosal surface (Fig. 1, solid line)
caused rapid and marked depression of SCC to 50% of
the pretreatment value. In the paired tissue (dashed
line), initial application of 78 mrvi diatrizoate at time
one hour to the serosal surface of the bladder depressed
the SCC rapidly to about 40% of the pretreatment
value. Subsequent addition of the same concentration
of diatrizoate at time two hours to the mucosal surface
caused no further decline in SCC.
In another set of experiments, the effect of 62.9 mM
sodium diatrizoate on SCC was studied when diatri-
zoate was added at time zero on the mucosal side only,
on the serosal side only and on both sides (Fig. 2).
—1 I 2
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Fig. 4. influence of concentration of sodium diatrizoate on SCC.
At time zero diatrizoate was added to both mucosal and serosal
solutions at the millimolar concentrations shown. The absolute
values of the SCC at time zero for the four groups are as follows:
control, 166±28; 15.7mM, 149±25; 31.4mM, 180±35; 62.9mM,
165±32 .iA/3.37 cm2 (mean±sEM). The 15.7 m curve is not
significantly different from control at any time; the 31.4 and
62.9 m curves are significantly different from control.
bladder caused marked depression of SCC to about
30% of the pretreatment value while sodium methyl-
sulfate (78 mM) caused no significant effect on the SCC
of paired bladders.
Influence of concentration of diatrizoate on SCC. The
degree of SCC depression was found to be related to
the concentration of diatrizoate utilized (Fig. 4). For
this study sodium diatrizoate was added to both mu-
cosal and serosal solutions simultaneously. Statisti-
cally significant inhibition of SCC was not produced by
15.7mM diatrizoate, while 31.4 and 62.9mM diatrizoate
achieved significant depression of SCC.
Effect of diatrizoate on tissue resistance. The tissue
resistance (calculated as the open-circuit potential
difference spontaneously generated by the bladder
tissue divided by the SCC) was increased by sodium
diatrizoate, as shown in Fig. 5. Tissue resistance in-
creased significantly when diatrizoate was added to the
mucosal solution, serosal solution or both solutions.
Tissue resistance increased more rapidly and attained
a higher plateau value when diatrizoate was added to
the serosal solution than when it was in only the muco-
sal solution. Moreover, tissue resistance increased
most rapidly and to even higher values when diatri-
zoate was added to both mucosal and serosal solutions
simultaneously.
A comparison of tissue resistance in bladders treated
with diatrizoate and methylsulfate (Fig. 6) shows that
diatrizoate produced a more rapid and larger increase
in tissue resistance than did methylsulfate.
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Fig. 5. Effect of dialrizoate on tissue resistance. Sodium diatri-
zoate (62.9 mM) was added at time zero. The zero time absolute
resistances for the four groups are as follows: control, 1,110±
155; mucosal, 1,416±273; serosal, 1,416±212; mucosal+
serosal, 1,483 138 ohm cm2 (mean SEM).
Effect of vasopression (antidiuretic hormone) on
diatrizoate-suppressed SCC. At the conclusion of ex-
periments comparing diatrizoate to methylsulfate,
vasopressin was added to the serosal solution and the
SCC response was followed at two-minute intervals.
Fig. 7 shows that the response of diatrizoate-treated
quarter bladders to vasopressin was similar to the re-
sponse of methylsulfate-treated tissues. The increase in
SCC was similar despite the lower baseline (i.e., before
vasopressin) SCC of diatrizoate-treated bladders. Note
that SCC is shown in absolute terms in Figs. 7 and 8,
rather than as SCC/SCCO as in previous figures.
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Fig. 6. Comparison of tissue resistance for 62.9 mM sodium diatri-
zoate and 62.9 m'vi sodium methylsulfate added at time zero. The
zero-time absolute resistances are 1,416 249 for the diatrizoate-
treated and 1,212±192 ohm cm2 for the methylsulfate-treated
group (mean±sEM).
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Fig. 7. Effect ofvasopression (100 mU/mi)on SCC of sodium c/ia-
trizoate (78 mM) and sodium methylsulfate (78 mM) treated b/ad-
ders. Vasopressin was added at time zero to the serosal solution.
SCC is shown in 1iA/3.37 cm2 and is not, as in previous figures,
normalized to baseline SCC value.
In a separate set of experiments, the vasopressin
response of bladders treated with diatrizoate was com-
pared to the vasopressin response of bladders bathed
in standard amphibian Ringer's solution. As in the
previous experiment, although the diatrizoate-treated
bladders started from a lower baseline SCC, there was
an equal and parallel increase in SCC (Fig. 8).
Effect of diatrizoate on sodium flux. In a set of eight
experiments, the unidirectional flux of sodium from
serosa to mucosa was not altered by 62.9 m sodium
diatrizoate. In contrast, the unidirectional flux of
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Fig. 8. EJThct of vasopressin (/00 mU/mi) on SCC of sodium
diatrizoate (62.9 mM) treated and control bladders. Vasopressin
was added at time zero to the serosal solution.
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Fig. 9. Effect of diatrizoate on sodium flux. The left panel shows
the effect of diatrizoate on isotopically determined net sodium
flux, the right panel shows the SCC for the same bladders, both
expressed as microequivalents per hour. During flux period I
(left bar of each pair of bars), all tissues were in standard Ringer's
solution. During flux period II (right bar of each pafr of bars),
diatrizoate was added to the tissues indicated as "after" diatri-
zoate. The net flux was determined as the difference between uni-
directional sodium flux determinations on two paired quarter
bladders. The SCC is the mean of four determinations made dur-
ing each flux period on that quarter bladder used for measure-
ment of mucosal to serosal sodium flux.
sodium from mucosa to serosa was depressed 45% by
the diatrizoate. This resulted in a depression of net flux
of sodium. As shown in Fig. 9, the SCC provided a
close approximation of the net flux of sodium in both
the absence and presence of diatrizoate.
Effect of iothalamate in comparison to diatrizoate.
Sodium iothalamate (62.9 mM) caused significant
suppression of SCC below control levels, but signi-
ficantly less suppression than sodium diatrizoate at the
same concentration (Fig. 10). Meglumine iothalamate
and sodium diatrizoate suppressed SCC equally.
Effect of hyperosmolar solutions. The sodium trans-
port-suppressing effects of hyperosmolar 50% sodium
diatrizoate (786 mM) was compared to that of equally
hypertonic solutions of sodium methylsulfate (786 mM)
and glucose (1,572mM). The hypertonic solutions were
placed on the serosal side of the bladder for ten
seconds. The hypertonic solutions were then aspirated
and replaced by standard Ringer's solution and the
potential difference and SCC recorded. All three
hypertonic solutions caused severe suppression of SCC
to approximately the same degree (Fig. 11).
Reversibility of contrast media effects. The SCC-
suppressing effects of contrast media were reversed by
removal of the contrast media by serial changes with
solutions lacking the contrast agents. This was shown
for contrast media in isotonic Ringer's solution
Mean + SEM
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Time, mitt
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(Fig. 10) as well as for the short-term exposure to
hypertonic solutions (Fig. 11).
Discussion
The demonstration that contrast media inhibit
active sodium transport has been accomplished under
conditions of constant sodium concentration by equi-
molar displacement of sodium chloride by sodium
diatrizoate or sodium iothalamate. It is theoretically
possible that contrast media suppress sodium trans-
port by chloride displacement rather than by a direct
effect upon sodium transport. Under short-circuited
conditions, the anion is thought not to cross the epi-
thelial membrane [26, 31] and, thus, "anion drag"
effect is probably relevant under open-circuit, but not
under short-circuit conditions. However, this concept
has been challenged by the demonstration of active
chloride transport in frog skin [32] and toad bladder
[33]. Although our experimental results reconfirmed
the finding of many others that SCC quantitatively
equalled net sodium flux (Fig. 9) (thus excluding
quantitatively significant active chloride transport), it
seemed desirable to demonstrate that the inhibition of
active sodium transport which we report was not due
to mere quantitative displacement of chloride by dia-
trizoate or iothalamate, but was rather an effect of the
contrast media anions. For this demonstration any
other anion might be utilized for chloride displace-
ment; the exact nature of this anion is not critical.
From the previous studies of the effects of anions on
sodium transport and SCC [28], it would appear that
there is no completely "indifferent" anion and that
any anion chosen might have some quantitative effect
on sodium transport and SCC. We chose methylsulfate
as a convenient anion for comparison because its
valence of one allows equimolar displacement of
chloride from Ringer's solutions while maintaining a
constant concentration of sodium. This, of course,
cannot be done if one chooses sulfate with a valence of
two. Further, we chose methylsulfate because it had
been utilized as the "control" anion in studies attempt-
ing to demonstrate active chloride transport [32, 33].
A further, minor reason for the choice of methylsulfate
is that it is putatively an impermeant anion [32]. If
methylsulfate distributes as its parent analog, sulfate,
it would be expected to distribute in the extracellular
space [34, 35].
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Fig. 10. Comparison of SCC-suppression effects of several contrast
agents. Contrast agents (62.9 mM) in isotonic Ringer's solution
were added at time zero to both mucosal and serosal sides of the
bladders. At time 125 mm a complete solution change (W) with
standard Ringer's solution was accomplished. Three more solu-
tion changes were accomplished at 15-mm intervals to remove
contrast agents completely. At time 225 mm vasopressin (ADH)
was added at 100 mU/mi to the serosal solution and the SCC
recorded every 3 mm for 30 mm. During the period 15 to 120 mm,
sodium iothalamate gives a significant (P< 0.05) suppression of
SCC as compared to control, but significantly (P<0.05) less
suppression than either sodium diatrizoate or meglumine iothala-
mate. Zero time (pretreatment) absolute SCC's were as follows:
control, 201 sodium diatrizoate, 178±41; sodium iothala-
mate, 220±65; meglumine iothalamate, 224±48 iA/3.37 cm2
(mean SEM).
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Fig. 11. At time zero hypertonic solutions were introduced on the
serosal side of the bladders for ten seconds, then aspirated and re-
placed by standard Ringer's solution. Concentrations utilized
were as follows: sodium diatrizoate, 786 mM; sodium methyl-
sulfate, 786 mM; glucose, 1,562 m. Three complete solution
changes (W) were accomplished at 1 5-mm intervals with standard
Ringer's solution to completely remove the hypertonic solutes.
At time 120 mm vasopressin (ADH) was added to the serosal
solution at 100 mU/mi. The zero-time (pretreatment) absolute
SCC's were as follows: control, 163±47; sodium diatrizoate,
140±43; sodium methylsuifate, 111±20; glucose, 160±62 .tA/
3.37 cm2 (mean±sEM).
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The contrast agents which we have studied, unlike
methylsulfate, inhibit SCC more rapidly and more pro-
foundly when presented from the serosal surface than
when presented from the mucosal surface (Fig. 2).
Further, if the contrast agent is present on the mucosal
side, subsequent addition to the serosal side has a pro-
found depressing effect upon SCC; whereas, the oppo-
site sequence of addition of contrast media shows that
serosal addition accomplishes complete suppression of
5CC, no further suppression being obtained by sub-
sequent mucosal addition of contrast media (Fig. 1).
Thus, we conclude that the serosal side of the bladder
seems more sensitive to contrast media effects.
There is progressive inhibition of SCC with increas-
ing concentration of diatrizoate within the range
studied (0 to 62.9 mM) (Fig. 4). The SCC inhibitory
effects of contrast media are reversible, as shown by
the restoration of SCC to or above control levels by
removal of contrast agents through serial changes
(washes) with standard Ringer's solution (Fig. 10).
Contrast media increased the tissue resistance when
compared to standard amphibian Ringer's solutions
(Fig. 5). Methylsulfate increased the tissue resistance
slightly, but diatrizoate increased it far more rapidly
and profoundly (Fig. 6). Such effects on total tissue re-
sistance are consistent with the putatively impermeant
nature of these anions.
Although the contrast agents significantly suppressed
SCC, antidiuretic hormone (ADH) was consistently
able to stimulate an increase in SCC which was ap-
proximately equal to that obtained in paired control
tissue (Figs. 7 and 8), and followed a similar time
course. Thus, the contrast media appear not to inhibit
the ADH-stimulated portion of the SCC.
Hyperosmolar solutions (1,562 mOsm) presented
from the serosal surface promptly and profoundly in-
hibited SCC. Glucose and methylsulfate at this hyper-
tonic concentration inhibit the SCC as much as con-
trast media do. Further, the course of recovery of SCC
after washout of these three inhibiting agents is very
similar (Fig. 11). Our experiments with markedly
hyperosmolar solutions (1,562 mOsm) on the serosal
side for short periods (10 sec) were designed to simu-
late the exposure of renal tubular epithelial cells to
contrast agents during renal angiography and are not
comparable to previous studies on the effects of hyper-
osmolarity on SCC in toad bladder such as those of
Urakabe, Handler and Orloff [36] which utilized
240 m urea for one hour or Bindslev et al [37] which
utilized 300 to 500 mM mannitol or of Lipton [38]
which utilized 265 mOsm for one hour. The site of
action of contrast agents cannot be determined de-
finitively from the experimental results shown here.
Several theoretically possible mechanisms of action
might be considered: 1) Contrast agents might have a
direct inhibitory effect upon the cellular sodium pump,
e.g., by inhibiting Na-K-stimulated ATPase, and hence
might or might not compete with ouabain. 2) Contrast
agents might be toxic to the energy-producing mech-
anisms of the epithelial cell and thus inhibit active
(i.e., energy-requiring) sodium transport. 3) Contrast
agents might serve to block access of sodium from the
mucosal bathing solution into the appropriate "trans-
port pool". 4) Contrast agents, as anions, might have
a nonspecific effect on sodium transport and SCC ana-
logous to that described by Singer and Civan [28].
5) Contrast agents might alter the morphologic or
structural aspects of the epithelium or of individual
cell membranes in some manner unfavorable to sodium
transport. Each of these possible mechanisms for in-
hibition of sodium transport remains open to future
experimental evaluation.
Careful physiological study of the effect of contrast
agents on urinary excretion of sodium and water [22]
showed that these agents induced more of a diuresis
and natriuresis than did an equiosmolar load of man-
nitol and that the diuresis occurred within three
minutes of injection of contrast media [40]. A case of
nephrogenic diabetes insipidus has been reported [23]
after prolonged exposure of kidneys to contrast
agents. These three reports present phenomena which
might be explained, at least in part, by contrast media
inhibition of transepithelial sodium transport. Further,
our finding that iothalamate inhibits SCC less than
diatrizoate might provide a basis for the clinical ob-
servation that iothalamate is less likely to precipitate
seizures than diatrizoate [39]. The general finding that
both diatrizoate and iothalamate suppress sodium
transport might provide a mechanistic basis for the
clinical or experimental observations of acute arrhyth-
mias during coronary angiography [6, 17], seizures
during cerebral angiography [18] and disturbances of
renal epithelial cells [15].
The lowest concentration of contrast media utilized
in this study (15.7 mM) is within the range of blood
levels achieved by high-dose infusion pyelography [29].
The higher concentrations used in our experiments
(31.4 to 78 mM) are definitely higher than clinically
attained blood levels in i.v. pyelography. In renal angio-
graphy with 50% sodium diatrizoate, 786 m contrast
media may completely displace blood flow for periods
up to six seconds [30], providing an exposure of renal
tubular cells to hypertonic contrast media analogous
to our experiments with ten seconds of serosal expo-
sure of the toad bladder. Finally, we note that the
absolute concentration of contrast media utilized for
suppression of sodium transport in an amphibian
species need not match the absolute plasma concentra-
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tions achieved in human applications to establish the
basic phenomenon of suppression of epithelial sodium
transport by contrast media.
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